Abstract Participant attrition may be a significant threat to the generalizability of the results of educational research studies if participants who do not persist in a study differ from those who do in ways that can affect the experimental outcomes. A multi-center trial of the efficacy of different computer-based instructional strategies gave us the opportunity The members of the ''The WISE Trial Study Collaborative'' are given in the ''Appendix'' section.
Introduction
Participant drop out or study attrition is a significant threat to the validity and generalizability of all research involving human subjects (Jüni et al. 2001) , not least because participants who persist in studies are likely to differ in their behaviours (and potentially other attributes) from those who drop out. This ''volunteer bias''-where those who join and persist in studies are healthier and more likely to adhere to medical advice than those who do not-is well understood in epidemiological studies (Shrank et al. 2011 ) as a threat to the generalizability or external validity of the findings. A detailed knowledge of the potential confounders allows researchers to control for their impact in both the design of the study methods and the interpretation of its findings. Analogous biases have been described in studies of medical education interventions where it has been demonstrated that those who join and persist in such studies are academically stronger to begin with and have better academic performance (Callahan et al. 2007; Cook et al. 2008) .
Multi-institutional studies can be a highly valuable, although resource-intensive, way of evaluating the efficacy of educational interventions (Torgerson 2002; Todres et al. 2007; Bleakley et al. 2011 ). However, there may be considerable variation in student participation both within and between study sites. This participation variation can be a two-edged sword; on one hand it may confound the treatment effect leading to inaccurate results but on the other hand, discernible treatment effects that rise above the inter-institutional variation are more likely to generalize well (in particular if the variation is known and accounted for). Either way, accounting for the dynamics of student participation in singleor multi-institutional studies is an important part of ensuring their quality and utility. This paper considers volunteer bias as it impacted the WISE Trial, a large prospective trial that involved medical students at seven different US undergraduate medical schools using multimedia instructional materials during their surgery clerkship rotations. The original trial compared the impact of four theory-based instructional design features on medical student learning in surgical clerkships. In this paper we use the WISE Trial dataset to describe institutional and student factors associated with student participation and attrition rates. The goal of this paper is to inform the design, reporting and application of future controlled trials in medical education by illustrating the need to carefully profile student participants in research studies who persist in or leave the studies over time and in doing so their representativeness of the populations from which they are drawn. Figure 1 illustrates this concept.
Methods
In this paper we refer to WISE-MD (a collection of online modules) and WISE Trial (a large multicenter field experiment using WISE-MD modules). The Web Initiative in Surgical Education for Medical Doctors (WISE-MD) has been creating case-based computer-assisted learning materials for surgical clerks since 2003 (Kalet et al. 2007 ) and had, as of February 2012, produced computer-assisted instructional (CAI) modules on 18 core clerkship topics. WISE Trial, a multi-centre randomized trial was started in 2009 to investigate the educational impact of four different evidence supported CAI designs. The Institutional Review Boards of all seven US medical schools participating in WISE Trial reviewed and approved the study.
All participating institutions ran a rotating clerkship model, which meant that different participants undertook their surgery clerkships at different times during the academic year. Six of the schools had an 8-week long clerkship while one school had a 12-week clerkship. All third-year medical students at the seven participating schools (N = 1,363) rotating Fig. 1 Conceptual framework. Baseline measures of student traits were collected for all participants on entry to the study. Baseline measures for participants in the final sample were compared to those of participants who became lost/non-responsive at various points of the study Factors influencing medical student study persistence through their required surgery clerkships between July 2009 and August 2010 were eligible and invited to participate in the study.
Participants at each study site received an email on the first day of their surgery clerkship from the WISE Trial team and the local clerkship director inviting them to participate in the study and complete an online consent form. The clerkship coordinators or directors at each school also gave a brief verbal introduction to the trial during orientation. Local administrators and faculty were not aware of student consent status. The two study modules were mandatory at all sites though they made up only a small percentage of the final grade (\5 %). No incentives were offered for participation in the study.
Once consented into the main study, participants were randomized by computer algorithm to one of 4 study arms for the original trial. Each participant was asked to complete two online modules and three assessments based on the content of these modules. Each module, without assessments, represented approximately an hour of study time. Students were free to decide when and how quickly they completed the modules. Log data on participants' use of the WISE Trial modules and their completion of the study assessments was recorded by the online WISE-MD system.
Measures
Subject baseline characteristics Table 1 lists the metacognitive and motivational measures that were administered to each participant immediately after having consented to join the trial. These measures were selected as representing important modifiers of academic achievement in CAI and associated with ''persistence'' in learning (Pintrich and de Groot 1990; Vandewalle 1997; Bong 2001; Song et al. 2010) . Each was derived from an evidence-based measure, tailored for use with clinical clerkship students, and piloted and revised extensively before being fielded.
Scores on the US National Board of Medical Examiners (NBME) surgery-subject examination (mandated for all students at the seven participating institutions) were used as a measure of overall achievement for the surgery clerkship. The time of year that participants took their surgery clerkships was also tracked as educational outcomes tend to improve in general as the clerkship year proceeds (Kies et al. 2010 ).
Attrition study measures
The main outcome measure for this attrition study was the degree to which the medical students continued to participate in the WISE-Trial. Full participation in the study required them to complete the following five study procedures:
1. Consent and baseline measures (during the first week of the rotation) 2. First module including a 12-item domain specific declarative and conceptual knowledge post-test (timing at students' discretion) 3. Second module including a 12-item domain specific declarative and conceptual knowledge post-test (timing at students' discretion) 4. Mid-clerkship review made up of 27-item knowledge test clinical reasoning test on both topics (available at the mid-point of the rotation) 5. End of clerkship review made up of a 15-item, knowledge and clinical reasoning test on the content of both modules (last week of their clerkship rotation). Completing both modules and their associated measures took students on average a total of 175 min over the course of the 8-12 week clerkship.
Data analysis
Survival analysis techniques were used to model participant persistence in the study as it varied with categorical predictor variables (institution, study group assignment, rotation order) that were unchanged over the entire clerkship (Statacorp 2009 ). The ''survival'' event was defined as the study milestone after which a participant dropped out of the study. Participation was not always sequential (see Web Appendix); where it was not, the participation was classified based on the number of events that they completed. The log-rank test was used to assess for statistical significance. Since schools differed widely on how much of their final clerkship grades were based on NBME Subject examination scores (0-60 %), we dichotomized the data (cut-point: Shelf Exam C 40 % of grade) to examine the association between the influence of the Subject exam proportion of final grade and study persistence using survival analysis (log rank test). The other institution-level fixed variable we assessed was whether the medical school was situated in an urban or suburban/ rural area.
Ordinal logistic regression was used to assess the degree to which continuous predictors were associated with attrition. Participation was classified according to a 9-point ordinal scale (1 = consented; then 2 points each for participating in any of the remaining four study milestones; the details of this are set out in Table 2 ) to assess potential associations of participation with participant characteristics that are measured as continuous variables. Using this ordinal scale univariate and multivariate ordinal logistic regression analyses were carried out where the participation scale was the dependent variable and the participant factors (self-regulation, self-efficacy, perceived task value, mastery goal orientation, and NBME subject examination score) were the predictor variables. Ordinal logistic regression makes no assumptions as to the distance between cut points on an ordinal scale, such as was used in this case, In addition, it does not require a linear relationship between dependent and independent variables and the dependent variable need not be normally distributed (Anderson and Philips 1981) . The proportional odds assumption was verified using the likelihood ratio test.
For those predictors that were associated with study persistence on univariate regression at the p \ 0.10 level, multivariate ordinal logistic regression was performed to determine which participant factors remained predictive of study persistence, after adjustment for the other variables.
Results
Of the 1,363 eligible students, 995 entered the study representing an overall response rate of 73 % (ranging from 44 to 81 % across the seven schools). There was a significant dropoff at each study milestone with 902 (66 %) completing at least one module, 799 (59 %) completing both modules, 539 (40 %) completing the mid-rotation evaluation and 252 (18 %) completing the final evaluation. Overall participation rates by school are represented in Fig. 2 .
Attrition from the study did not differ among the four study arms of the RCT (p = 0.59) nor by rotation order (p = 0.12). Factors influencing medical student study persistence Study persistence differed between schools on survival analysis (p \ 0.001), though most of this difference was due to two schools with considerably higher attrition rates than the other five (See Fig. 2) . The NBME Subject exam was worth 20-30 % of the final clerkship grade in four of the programs while it was worth 45-60 % of the grade in the two with higher attrition rates, suggesting that the greater the portion of the overall clerkship grade attributed to by the NBME subject examination, the less likely participants were to persevere (p \ 0.001). No difference was found between urban and non-urban schools.
While lower participant baseline self-regulation and self-efficacy and final NBME Subject Exam scores were correlated with attrition from the study, goal orientation measures (Mastery, Performance Approach and Performance Avoidance) did not correlate with attrition (see Table 2 ).
Participants' endorsement of the task value of learning surgery had a small but statistically significant association with study attrition (p = 0.02) (Table 2), which was no longer evident on multivariate analysis. We used the variables shown to be statistically significantly (p \ 0.10) associated with study attrition on univariate analysis (self-regulation frequency, Task Value, Self-Efficacy, NBME Subject Exam score and Subject exam Fig. 2 Voluntary participation rates at the seven institutions. The width of the bar is proportional to the percentage of eligible participants at the given institution. Absolute numbers (N) are not included to maintain institution confidentiality. Consent was carried out within 2 days of the beginning of the surgery clerkship rotation. The Mid-Review (3 weeks) and End-Review (6 weeks) were done a specific time points. It was up to the participants as t o when the two tutorials (Appendicitis and Carotid Stenosis) were completed. Institutions differed significantly in their participation rates (Log-Rank survival analysis p \ 0.001) A. Kalet et al. proportion) as predictor variables in an ordered logistic regression model to predict study attrition. Self-regulation frequency, Task Value, Self-Efficacy, and NBME Subject Exam score remained significant, independently explaining some of the variation in attrition.
In the study procedure, there were both scheduled events (date of consent and baseline measures, date of mid-clerkship evaluation and end-clerkship evaluation) and variable events (when the participants completed the modules). The stage in the clerkship when participants elected to start the modules was examined with respect to the scheduled milestone events. (See Web Appendix: Table 3 ) Participants who started their modules early on in the clerkship had higher self-regulation and higher NBME Subject Exam scores but there was no discernible correlation between early and late module completion and self-efficacy, task values, mastery goal orientation or post module test scores.
Discussion
While a large number of students were eligible to participate in this multi-center randomized controlled trial and there was a good initial consent rate, there was steady attrition from the study, with only 18 % of the participants completing all study components during their 8-12 week surgery clerkships. While this presents a major challenge for the main study, the variability and the size of the study as a whole presented an excellent opportunity for us to examine factors predicting study attrition. Factors associated with lower participant attrition included both learner's metacognitive characteristics and institutional factors (i.e. the emphasis placed on standardized tests for grading). In addition, learners who demonstrated greater persistence with the study performed better on the NBME subject examination, a measure of general academic achievement on the clerkship.
Field medical education trials, such as this one, are intrinsically bound to the contexts in which they take place (Hawe et al. 2004) . Ideally these studies afford better measures of retention of learning over time than studies of educational interventions that measure outcomes immediately post instruction, designs which (Cook et al. 2008) trade off high compliance with the outcome assessment against the risk of over-estimating the longerterm impact of the intervention. There is similar tension in other research fields. In health behavior research, for instance, where interventions are complex and, in order to be ecologically valid, must be ''hosted'' in real world environments, maintaining study participation is challenging, especially for those individuals who might benefit most from the intervention (Amico 2009; Driscoll et al. 2009 ).
Multiple sampling clearly increases opportunities for participant attrition, however as long as persistence is demonstrably independent of group assignment, then causal inferences about the effectiveness and efficacy of the intervention (internal validity) are not necessarily compromised. However, with high attrition, generalizing the results to all students (external validity) is problematic (Cook and Campbell 1979) . Characterizing what types of students do and do not persist in studies allows us to better appraise the potential impact of attrition of students from an educational trial.
Once a student agrees to participate in educational research, we can show that compliance with the study measures can correlate with higher levels of learner metacognitive skills and general achievement just as compliance with drug study procedures has been shown to be an independent marker for better health outcomes, independent of a drug's effectiveness (Petitti 1994; DiMatteo et al. 2002) . It is interesting to speculate why we found an association between attrition from study participation and greater emphasis on the NBME subject examination as a component of students' clerkship grades. Educational institutions where test scores are emphasized may lead students to avoid spending time on activities that divert study time from exam preparation.
Rates of attrition may also correlate with how much control over recruitment and retention there is within a study. If a trial requires N subjects to achieve sufficient power, the investigator often faces a dilemma: whether to try to achieve the required N at their home institution, where they presumably have maximum control, or to collect the data across multiple institutions to normalize the impact of local biases and confounders. Given the lower levels of investigator control at the remote sites, attrition rates were expected to be higher, something our study confirmed. By comparison, the institution where WISE-MD originated (and where the study team was based) had one of the highest recruitment and retention rates. The amount of control and authority associated with an intervention (or the lack thereof) can alter the behaviours of those who engage with the intervention. For example, in situations where the education intervention and its assessment is high-stakes or mandatory, recruitment and retention rates can approach 100 %. Of course this further limits the applicability to the low-stakes contexts (that are a more common locus for using CAI).
There were several limitations to this study. Because this dataset was from a study designed to assess educational effectiveness of CAI, and not attrition from educational research, we measured only those student characteristics known to impact learning therefore missing the opportunity to fully understand attrition by measuring relevant characteristics. (e.g. social responsibility, altruism, attitudes toward being subjects of research). When asked directly about this in focus groups, student participants at each study site consistently identified the main cause of attrition as competing time demands. Clearly our findings raise questions that will need to be explored in future research.
The anticipated benefits of increased ecological validity of multi-center studies needs to be tempered by the realities of increased study attrition and the attendant biases that have been demonstrated in this study. In the end, tolerating a certain amount of attrition may be an acceptable price to pay for the other benefits of multi-center enrollment, such as ecological validity and the development of learning interventions that can scale across institutions. The findings of medical education studies that are subject to volunteer bias should be interpreted in light of our findings that the participants tend to be somewhat more selfefficacious, self-regulating and higher achieving but that institutional factors can be even more important.
Conclusions
The significant student attrition rates in this study provided an opportunity to assess participant and to a lesser extent institutional characteristics associated with persistence. Learners who elected to persist with their participation in the study displayed different behavioural and cognitive characteristics from those that, having joined the study, did not persist with it. Our findings provide guidance for medical education researchers designing large-scale distributed studies and generalizing from their findings.
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